Abstract: To determine the interaction effect of illumination with noise performance data were recorded from 20 male college student volunteers on a battery of neuropsychological tests comprising `memory and search ,' `name and number checking,' `Flanagan's eye-hand coordination' and `digit symbol.' Each subject worked under two of the four combinations of illumination (low, 300 lux; high, 500 lux) with quiet (60 dBA) and noise (100 dBA) conditions. A 2 x 2 analysis of variance was performed on the test scores. The accuracy of performance was found enhanced by high illumination in all the tests, but the speed of performance was impaired by noise. The interaction effect was significant, indicating the speed and efficiency of performance increasing while the accuracy of performance affected differently with high illumination under noise condition. However, the error of performance increased by noise under high illumination.
Introduction
Human well-being today is largely dependent on artificial lighting which ensures optimal working under adequate visual environment. In every human activity, particularly in offices and industries, illumination levels lower than those needed have reduced productivity and enhanced risk to health and safety of the workers'. Worse still is the ubiquitous presence of other stressors like noise in the existing unhealthful work environment caused by poor illumination. The complex work environment thus formed by the combination of the two stressors may be potential enough to influence human performance capability in detecting and identifying the details of an object in the visual field, thereby influencing greatly the speed and accuracy.
There have been several studies to demonstrate the effect of either illumination or noise on the performance of various tasks of industrial relevance. It was shown that increasing illumination levels were predisposed to increased work *To whom correspondence should be addressed .
efficiency in leather industry2~. Knave3~ demonstrated improved visual performance on a low contrast visual task under high illumination levels. Visual satisfaction has been considered to be one of the important factors to judge the adequacy of lighting in office interiors4~. Further, higher levels of central task illumination may deteriorate performance if peripheral detection task is to be attended5~. However, Sanders and McCormick6~ have stressed that the workers may have to put in additional effort and strain their eyes to maintain their performance under low illumination level. Regarding the effects of noise, it was shown that high noise levels influenced performance favourably on vigilance's and motor manual8 tasks but caused performance degradation on intellectual tasks9~. It was also observed that noise aided recall involving order information10>, while its detrimental effects on signal detection tasks11 and on sensorimotor tasks12~ have been well documented. But the performance effects due to illumination in presence of noise has not been in sight. The present investigation was, therefore, designed to study the combined effects of illumination and noise on certain neuropsychological functions in humans through a battery (Fig. 1) is fitted with `cool' fluorescent tubes of 40 watt each (Mls. Philips India Ltd.), at 15 locations, each location having 2 tubes encased in an optical diffuser. The floor of the chamber (Fig. 2) is divided into equally spaced grids numbered 1 through 12. The subject's seating site was at grid number 5 with the loudspeaker placed in front of the subject at a distance of 2.50 m at grid number 11. A control panel including an electrosonic dimmer (MIs. Electrosonic ES 14, England), embedded in the wall of the chamber, produces illumination at the desired level.
Psychological tests
A total of four neuropsychological tests viz. `memory and search,' `name and number checking,' `Flanagan's eye-hand coordination' and `Digit symbol' were administered to determine which ones most adversely affected under combinations of illumination and noise. The tests are being briefly described.
Memory and search task: This test contains letters `A' to `Z' arranged in 30 lines with 50 letters in each line . The order of these letters were randomised with a computer (Hewlett Packard, U.S.A.). The subject was to cancel each appearance of the letter `E' in 3 min. The total number of `E's cancelled was the performance measure. The higher score indicated better performance. The reflectances of the test material was 35% at 300 lux and 40% at 500 lux. At a distance of 30 cm from the eye, the angle subtended at the eye was 3.0 min. Name and number checking task: The test contains a list of 40 names and numbers side by side with five alternative sequences of names and numbers given for each. The task involved marking the sequences which was exactly in the same order as the test item, in 4 min. The performance measures were the total number of attempts and the correct attempts. The higher score indicated better performance. The reflectances of the test material was 30% at 300 lux and 35% at 500 lux. The angle subtended at the eye by the print size was 3.5 min, when the distance between the eye and the test material was 30 cm.
Flanagan's eye-hand coordination test This test is a part of the Flanagan Aptitude Classification test (Published by Science and Research Associates, Inc., Illinois, USA). It is a paper-pencil test containing a spiral (15 cm in diameter) of 10 path ways numbered 1, 2, 3, 5, 10, 15, 20, and 25, with two pathways after 3 not numbered. The subject was to trace the spiral with a sharp pencil, starting from the given arrow mark in 4 sec, avoiding error of either touching the sides of the pathways or going outside it. The test score equalled the highest pathway reached minus the number of errors minus 5 marks for any pathway skipped. Higher score indicated better performance. The reflectances of the test material was 35% at 300 lux and 40% at 500 lux.
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Digit symbol test: This test contains a digit and symbol sequence given in the upper part of the test sheet. In the lower part of the test sheet digits are printed in a randomised order. The subject was to write the appropriate symbol under each digit as quickly and accurately as possible in 90 sec. The performance measures were the total number of attempts, the total number of correct attempts and the total number of errors committed. Higher scores in the first two measures and a lower score in the third indicated appreciable performance. The distance between the eye and the test material was 30 cm. The reflectances of the test material was 30% at 300 lux and 35% at 500 lux.
Design of the experiment: In the illumination chamber white noise of the desired level was generated with the help of a set of noise generating instruments, as described before, placed in front of the subject at a distance of 2.5 m. The illumination levels administered were 300 lux and 500 lux, and the noise levels at the ear level were 60 dBA (quiet) and 100 dBA (noise condition), both the levels of illumination and noise being decided on the industrial experience in textile mills. Thus four conditions of illumination and noise emerged viz 300 lux, 60 dBA; 300 lux,100 dBA; 500 lux, 60 dBA and 5001ux,100 dBA.
The subjects were divided into 4 groups of 5 subjects each (Groups A, B, C and D). First, under low illumination level (300 lux), the subjects of Group A were administered The subjects rested in adjustable chairs for 20 min in the illumination chamber for adaptation to each environmental condition. The purpose and nature of the experiment was then explained to them. Queries, if any, were answered. They were given the option to discontinue participation in the experiment at any stage.
The psychological tests were administered according to standard instruction in the order in which these have been listed and described. The tests were scored according to standard keys. The subjects were given rest for 5 min before administration of each psychological test and instructed to work as fast as possible without making errors. Different test materials of `memory and search,' `name and number checking' and `digit symbol' tests were administered in each testing session so as to avoid fecilitation resulting from practice16~. The intrinsic differences between the test materials were neutralised by the four different tests administered to each subject during the experiment:
All the subjects worked at normal desk level (75 cm above the floor) where the illumination levels were provided by the overhead fluorescent tubes, the distance between the desk and tube light being 2 m. Proper care was taken to avoid glare and formation of shadows on the tests. The general illumination levels on the surrounding areas were 190 lux and 350 lux when the illumination levels on the task were 300 and 500 lux, respectively.
A day prior to the experiment, a practice run was arranged for all the subjects in each of the psychological tests. They were also informed about their performance scores.
Statistical analysis
The psychological test scores of all the subjects under each combination of illumination and noise were clubbed for statistical analysis. The test scores were analysed into three components: speed, accuracy and efficiency. Speed was defined in terms of either time taken in performing the task or the total number of attempts, depending upon the nature of the task; accuracy of performance was defined as the ratio of number of correct attempts to the total number of attempts; and efficiency of performance was taken to be the product of speed and accuracy. Error scores were taken to be the ratio of the number of errors to the total number of attempts. The accuracy and error scores were transformed into arcsine square root for the best fit of the data to normality. A 2 x 2 factor analysis of variance with repeated measures16~ was performed on the data, which yielded means and Fisher ratios (F-Values).
The two factors were: illumination at two levels (300 and 500 lux) and noise at two levels: 60 dBA and 100 dBA.
Results
The results for analysis of variance are given in Tables 1  and 2 . It may be seen from Table 1 that the F-values for speed of performance in `memory and search' task were not significant for the independent effects of illumination or noise but the interaction effects of the two stressors did reach statistical significance. The F-values for accuracy of performance were not significant except for the sole effects of illumination. However, the F-values for the independent effects of noise and the interaction effects of illumination and noise on efficiency and performance were highly appreciable.
In `name and number checking' task the F-values (Table  1) for the independent effect of noise on speed of performance, and the independent effects of illumination and the interaction effects of illumination and noise on accuracy scores were statistically appreciable. However, either the independent effect of the two stressors (noise or illumination) or the combined effect did not show any influence on the efficiency scores. Table 2 suggests that in `Flanagan's eye-hand coordination' test the illumination effect did appear significantly high on speed as well as accuracy of performance as reflected by the respective F-values. The interaction effects were noticeable only on the accuracy of performance. On `Digit Symbol' test, Table 2 reveals that the speed of performance remained unaffected either by the independent effect of illumination or by noise or even by their interactions, but the accuracy of performance was definitely influenced by the illumination levels as also by the interaction effects of illumination and noise, as noticeable by the appreciable F-values. The error of performance was, however, significantly influenced by the interaction effects as reflected by the F-values, although the independent effect of illumination or noise was absent.
Discussion
Lee et al. 17) have pointed out that performance effects are not specific but depend on perceptual abilities, thought processes, sensory mechanism, etc. Further, performance effects due to noise do not follow a generalized pattern but results in either improvement, impairment or no change depending on the nature of the task and the frequency spectrum of the noise'8.
The significant F-value for the interaction effect of illumination and noise in `memory and search' task reflected the view that with the rise in illumination levels the speed of performance also increased under noise condition than in quiet condition (Fig. 3a) . Similar results were also observed for the interaction effects on efficiency scores (Fig.   3b) . Further, the significant independent effect of illumination registered greater accuracy scores (Mean 2.80) at 500 lux, than the accuracy scores (Mean 2.25) at 300 lux. Likewise, the significant main effect of noise contributed to higher efficiency scores (Mean 112) at 100 dBA compared with the efficiency scores (Mean 99) at quiet condition (60 dBA). This phenomena could be explained by the fact that in this task while higher illumination level provided greater visual stimulation19~, higher noise level also aroused the level of activation18~ and thereby the resultant increase in performance.
In `name and number checking' task the significant independent effect of noise effected degradation in mean speed score to 19.50 at 100 dBA from 24.35 at 60 dBA while the significant main effect of illumination reflected increased accuracy scores from the mean value of 2.15 at 300 lux to 3.01 at 500 lux. The significant interaction effect of illumination and noise (Fig. 4) reflected degradation in accuracy scores at 500 lux in noise condition than at quiet condition, indicating that at higher illumination level the reflectances of the test items were high, which in addition to the destimulating effect of noise in this kind of task Industrial Health 1997, 35, 48-54 In `Flanagan's eye-hand coordination' test (Table 2) , the significant main effect of illumination suggests deterioration in speed scores (Mean 12.98) at higher illumination level (500 lux) than the speed scores (Mean 15.95) at lower illumination level (300 lux). However, higher illumination (500 lux) level enhanced the mean accuracy scores to 2.48 from the mean accuracy scores of 1.56 at 300 lux. This suggests a trade off between the speed and accuracy scores, which could be reasoned with the higher levels of reflectances of the test material sacrificing speed for accuracy scores21~.
The interaction effect (Fig. 5) indicated that the accuracy of performance at 500 lux was highly appreciable under noise condition (100 dBA) than at quiet condition (60 dBA), suggesting both illumination and noise acted as stimulators in providing optimum neuromuscular coordination and thereby enhancing the performance.
In `digit symbol' test the independent effect of illumination or noise or the interaction effect of illumination and noise on speed scores was absent. The significant main effect of illumination on the accuracy scores, however, suggests that at higher illumination level the accuracy scores were superior (Mean 3.50) to those (Mean 2.71) at low illumination level. The significant interaction effect (Fig. 6a) indicates degradation in accuracy scores at higher illumination levels both under quiet and noise condition, the magnitude of degradation being greater under noise condition. Thus, both illumination and noise acted as dearouser in this task requiring motor coordination. The significant interaction effect (Fig. 6b) was potential enough to increase the error rates at higher illumination level under noise condition than at quiet condition, which has been due to the decreased accuracy of performance. Further investigation on yet a variety of human functions under more variable levels of illumination and noise are required to be carried out before the conclusion of the 
